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Protec t ion  Branch Report of  Test No, 13-62 

Inves t iga t ion  of Microbial  Contamination Ins ide  
Cured S o l i d  Propel lan t  

Cured s o l i d  p rope l l an t  received i n  August 1961 from Thiokol 
Chemical Corporation, Elkton, Maryland, was t e s t e d  for poss ib l e  
i n t e r n a l  microbia l  contamination. 
p e l l a n t  was t o  determine whether t reatment  would be necessa ry  in 
o rde r  t o  comply with the  recent  NASA po l i cy  on the  s t e r i l i t y  of 
e x t r a t e r r e s t r i a l  impact spacecraf t ,  The propel lan t  i n  ques t ion  
w i l l  be used in the  r e t ro rocke t  designed t o  slow d o w  a Surveyor 
spacec ra f t  as i t  approaches the luna r  sur face .  In e v e n t  of  a 
hard  landing caused by f a i l u r e  of t h e  r e t ro rocke t ,  t h e  unburned 
p rope l l an t  could contaminate the moon i f  v i ab le  microorganisms 
were present .  
f i n i s h e d  s o l i d  p rope l l an t  prev ious ly  t e s t e d  A/,- The i n v e s t i g a t i o n  
t o  determine whether Thiokol cured s o l i d  propel lan t  also has  
i n t e r n a l  microbia l  contamination i s  the  sub jec t  of this repor t .  

The purpose of t e s t i n g  t h e  pro- 

Microbial  contamination was present  i n s i d e  a 

MATERIALS AND METHODS 

Cubes of  cured s o l i d  p rope l l an t  (about 1/2 x 1/2 x 1/2 inch) ,  
s cape l s ,  forceps,  and f l u i d  th iog lyco l l a t e  m d i m  blanks sea l ed  

oxide gas  f o r  six hours. Af'ter a e r a t i n g  the  chamber f o r  16  hours,  
each cube of p rope l l an t  was minced and the  p ieces  p u t  into a f l u i d  
t h i o g l y c o l l a t e  medium blank t o  incubate  a t  37C. In zdd i t ion  t o  
mincing the  p rope l l an t  t o  determine i n t e r n a l  mic rob ia l  contamination, 
one unminced cube per  t e s t  was pu t  i n t o  f l u i d  t h i o g l y c o l l a t e  medium 
t o  determine whether t h e  e x t e r i o r  su r faces  were s t e r i l i z e d  in the  
prescr ibed  six hour e thylene  oxide exposure period. 
had incubated a t  37C for seven days, an a l i q u o t  o f  each sample was 
s t reaked  on t ryp tose  agar  t o  check f o r  microbia l  growth. 
blue s t a i n  of each sample was examined microscopica l ly  f o r  micro- 
organisms and compared with a stain of  t he  microorganisms from agar  
i f  growth occurred. F ina l ly ,  i f  no microorganisms grew on agar  o r  
i f  no  organisms were seen during examination of the  methylene blue 
s t a i n  of  the  f l u i d  t h iog lyco l l a t e  sample, t he  sample was inocula ted  
wi th  20 t o  100 spores  of  Baci l lus  s u b t i l i s  v a r  n i g e r  t o  a s su re  t h a t  
t h e  niediuni was capable of support ing b a c t e r i a l  growth. 

w i th  tape  were placed in a p l a s t i c  chamber 2 .  and exposed t o  e thylene 

Af te r  t he  samples 

A methylene 
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RESULTS AND DISCUSSION 

No microbia l  contamination was ev iden t  i n  any of the  37 cubes 
of  cured s o l i d  p rope l l an t  tes ted .  
cubes of  p rope l l an t  t e s t e d  were s t e r i l e  a f t e r  exDosure t o  e thylene  

The e x t e r n a l  surfaces of  a l l  the 
- -  

oxide gas f o r  six hours.  
introduced i n t o  the  sample, b a c t e r i a l  growth was always ev iden t  in 

After Be s u b t i l i s  var  k g e r  spores  were 
- -  

t he  medium conta in ing  a whole cube of p rope l l an t ;  but- b a c t e r i a l  
growth f r equen t ly  was n o t  evident  in t h e  medium con ta in ing  minced 
p r o p e l l a n t  . . . .  

This i n h i b i t o r y  proper ty  of t h e  p rope l l an t  was e v i d e n t  in 14 
o u t  of 28 minced samples. 
come, however, by a th ree fo ld  d i l u t i o n  of the  sample. Subsequent 
tes ts  the re fo re  included the  following a d d i t i o n a l  s tep in the  t e s t  
procedure. 
t h i o g l y c o l l a t e  blank, two a l i q u o t s  of  t h e  sample were d i l u t e d  three-  
f o l d  wi th  f l u i d  t h i o g l y c o l l a t e  medium and incubated a t  37C f o r  seven 
days. No microbia l  growth was evident  i n  any of t he  n i n e  p rope l l an t  
samples or t h e i r  corresponding subcul tures .  However, only the  sub- 
c u l t u r e s  supported growth o f  E. s u b t i l i s  var  n i g e r  t h a t  was de l ibe r -  
a te ly  introduced i n t o  t h e  samples la ter .  

The i n h i b i t o r y  p r o p e r t i e s  could be over- 

After the minced p rope l l an t  had been added t o  the  f l u i d  

Although t h i s  p rope l l an t  i n  b ro th  w i l l  i n h i b i t  growth of  micro- 
organisms, t h e r e  i s  no ind ica t ion  t h a t  i t  w i l l  a l s o  k i l l  them. 
o f  B. s u b t i l i s  var  n i g e r  were added t o  a sample of  minced p rope l l an t  
and-d is t i l l ed  water; then the  sample was assayed by t h e  pour p l a t e  
method immediately a f t e r  the  spores were added t o  the  sample and 
again after a 24 hour con tac t  period. 
e v i d e n t  even a f t e r  24 hours contact .  Tes ts  with minced laboratory-  
made samples of  p r o p e l l a n t  i n  f l u i d  t h i o g l y c o l l a t e  medium a l s o  indi-  
c a t e d  that the  p rope l l an t  was not  b a c t e r i c i d a l .  
made p rope l l an t ,  un l ike  the  propel lan t  made f o r  product ion,  had a 
wax-coated cardboard backing a t tached  t o  one s i d e  which was contami- 
na t ed  wi th  microorganisms. 
o f  t e n  of these  samples one day a f te r  p l ac ing  the  minced material i n  
b ro th ;  and a f te r  a seven day incubat ion p%riod,  a h i g h  concent ra t ion  
o f  v i a b l e  microorganisms was present  in a l l  seven samples. 

Spores 

No b a c t e r i a l  r e d u c t i o n  was 

The labora tory-  

Bac te r i a l  growth was evidc:i t  i n  seven out  

The p o s s i b i l i t y  t h a t  t he  i n t e r i o r  of t he  p r o p e l l a n t  might have 
been s t e r i l i z e d  by t h e  ethylene oxide gas  t reatment  was a l s o  i n v e s t i -  
gated.  Although e thylene  oxide gas  d i d  n o t  s t e r i l i z e  the  cardboard 
backing, i t  might be poss ib l e  t o  s t e r i l i z e  t h e  i n t e r i o r  of  t he  small  
p r o p e l l a n t  cubes s ince the  l a t t e r  i s  a porous material. A needle  and 
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syringe was used t o  i n s e r t  a ,B. s u b t i l i s  var  n ige r  spore suspension 
i n t o  cubes o f  propel lan t  and the  cubes were then allowed t o  d ry  a t  
room temperature f o r  s eve ra l  days before exposure t o  e thylene oxide 
gas  f o r  six hours. The propel lan t  was then minced, put  i n t o  f l u i d  
th iog lyco l l a t e  medium, and a l iquo t s  o f  t he  sample subcultured. 
of t he  undi luted samples showed evidence of b a c t e r i a l  growth, but 
b a c t e r i a l  growth was present  in the subcul tures .  
t he re fo re  t h a t  the  ethylene oxide t reatment  used t o  s t e r i l i z e  the 
e x t e r i o r  did not  pene t ra te  t he  propel lan t  and s t e r i l i z e  the  i n t e r i o r .  

None 

The r e s u l t s  i nd ica t e  

Although no v i ab le  microorganisms were found i n  the few samples 
t e s t e d  i t  cannot be s t a t e d  ca t egor i ca l ly  t h a t  a l l  of  t h i s  p a r t i c u l a r  
p rope l l an t  i s  s t e r i l e .  
be conducted d e l i b e r a t e l y  adding v i ab le  b a c t e r i a l  spores  t o  the  product 
dur ing  processing and then determine whether the  m a t e r i a l  self-  
s t e r i l i z e s .  
t h e  n e c e s s i t y  of applying hea t ,  r a d i a t i o n  o r  o ther  t reatment  i n  order 
t o  comply w i t h  the  requirement f o r  s t e r i l i z a t i o n  a s  se t  f o r t h  by the 
N a t i o n a l  Aeronautics and Space Administration. 

It i s  recommended, however, t h a t  f u r t h e r  t e s t s  
’ 

If the  p rope l l an t  i s  s e l f - s t e r i l i z i n g ,  it would a l l e v i a t e  
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